Abstract: This paper explores the relationship between trade openness and CO 2 emissions by incorporating economic growth as an additional and potential determinant of this relationship for three groups of 105 high, middle and low income countries. We apply the Pedroni (1999) and Westerlund (2007) panel cointegration tests and find that the three variables are cointegrated in the long run. Trade openness impedes environmental quality for the global, high income, middle and low income panels but the impact varies in these diverse groups of countries. The panel VECM causality results highlights a feedback effect between trade openness and carbon emissions at the global level and the middle income countries but trade openness Granger causes CO 2 emissions for the high income and low income countries. Policy implications are also provided.
I. Introduction
Over the last four decades, the world's economy has experienced enormous economic growth and this impressive growth is mainly associated with the process of globalization that started with the foundation of GATT 1 which was later upgraded to WTO 2 . Trade openness has helped both poor and rich economies to grow faster, and hence enhanced their trade volume and income.
However, this growth trend has come along with environmental consequences. The huge expansion in the world merchandise trade gives rise to more production and more establishment of structures and industrial units. This wide expansion in world aggregate output necessitates greater energy resources, which is considered the potential source of carbon dioxide (CO 2 The most worrying thing at this stage is the conflicting situation between trade and climate economists. The policy deadlock between high and low income countries is widening as trade talks suffer more failures. It is projected that advanced countries will limit trade with lower income countries in order to control carbon leakages as a result of the widening deadlock. As discussed by Messerlin, (2010) and Ahmed and Long (2013) , trade and climate change policies are interdependent and the trade-climate policies will either suffer from mutual destruction or mutual construction due to varying global externality effects. Consequently, unilateral measures towards trade restrictions from advanced economies to emerging economies would result in a division in the global economies where they will be cleaner and dirty production heavens and hells in these countries. The neoclassical model theoretically defines how trade liberalization expands cleaner and dirty productions due to income differences. The division implies that the environmental impacts of trade opening on high and low income countries are the opposite (for more details see Copeland and Tylor, 1995) .
There is a series of literature available on the trade-emissions nexus based on a single country analysis, but to help in understanding the global surge towards a multilateral policy agreement on climate change requires a meta-analysis, using the world trading system. During the upcoming trade-climate negotiations, the trade agreements will acquire more importance if the negotiations involve regional countries of different income levels. Similarly, the adoption of a tradeenvironment policy will also be based on a group of countries not unilaterally between countries.
Therefore, this notion suggests that there is a need for a panel data analysis on the relationship between trade and carbon emissions.
In doing so, this study contributes to the existing literature in four ways. emissions (i.e., carbon emissions rise with trade openness initially, and then the environmental quality starts to improve after the trade openness per capita reaches a threshold level at a later stage of economic development), using country-level and high, middle and low income country panel-level data sets. The findings of this paper are highly significant and possess deep policy implications for countries included in the panels, as well as for international trade and environmental agencies and regional economic blocks. It is also important for researchers 'work since it is expected to open future directions of this research.
The remainder of the paper is organized as follows: Section 2 presents a brief review of the related literature. Section 3 presents the methodological framework and Section 4 provides and discusses the results. Section 5 offers the conclusion and policy recommendations.
Review of the relevant literature
The literary work on the trade-environment nexus is started with the introduction of the (Grossman and Krueger, 1993; Lopez, 1994) . The technique effect refers to the tendency of having a cleaner production process as income increases and trade expands due to better technologies and better environmental practices (Grossman and Krueger, 1996) . The composition effect indicates how the environment is affected by the composition of output which is determined by the degree of openness as well as by the comparative advantage of the country. 3 North American Free Trade Agreement (NAFTA) 4 Also known as the Rio-Summit which was organized by the United Nations in Rio-de-Janeiro (Brazil) from 3~14 June, 1992 5 Volatile organic compounds (VOCs).
The net impact of the composition effect as a result of trade openness could be positive or negative, depending on the relative size of the capital-labor effect and the environmental regulation effect (Shafik and Bandyopadhyay, 1992; Selden and Song, 1994; Kahuthu, 2006) . In a nut shell, as the EKC describes, the environmental repercussions of growth vary with changes in income levels. Therefore, the countries with different income levels and economic compositions attract different environmental consequence of trade liberalization.
The study of Frankel (2008) has very similar results as those of Grossman and Krueger (1993) and Selden and Song (1993) The Freidman statistic computes:
where r is the spearman's rank correlation coefficient between i and j expressed as:
The Pesaran statistic computes:
where ˆi j  is the estimate of
The null hypothesis to be tested is:
 for i ≠ j and the alternative hypothesis to be tested is 0
3.2Panel unit root tests
Due to the problem of cross-sectional dependence in our panel dataset, we only apply those panel unit root tests that allow us to treat this effect. Two alternative unit root tests, namely the LLC 
In the second step, the test requires taking the first difference of the original data series of each country and computes the residual of the differenced regression:
In the third step, the test calls for estimating the long-run variance (
of the differenced regression. In the fourth step, using the residual (ˆi t  ) of the original co integrating equation, the test estimates the appropriate autoregressive model. Following these steps, the seven panel statistics are then computed with the appropriate mean and variance adjustment terms as described by Pedroni, (1999) as follows.
The panel v-statistic is:
The panel -statistic is:
The panel t-statistic (non-parametric) is:
The panel t-statistic (parametric) is:
The group ρ-statistic is:
The group t-statistic (non-parametric) is:
The group t-statistic (parametric) is: 
The alternative hypothesis for the between dimension and the within dimension for the panel cointegration is different. employed in the present study. These tests are based on structural dynamics rather than residuals dynamics, so that they do not impose any common factor restrictions. The null hypothesis of no cointegration is tested by assuming whether the error-correction term in a conditional error model is equal to zero. If the null of no error correction is rejected, then the null hypothesis of no cointegration is also rejected. The error-correction model based on the assumption that all the variables are integrated of order 1 is following: 
is being the associated vector of the parameters. In order to allow for the estimation of the error-correction parameter i  by the least square, Equation (18) can be rewritten as:
Here, i  is the adjustment term that determines the speed at which the system corrects back to the equilibrium relationship. 
and 
3.4Panel cointegration estimates
When all the variables are cointegrated, the next step is to estimate the associated long-run cointegration parameters. The fixed effects, random effects and GMM methods could lead to inconsistent and misleading coefficients when applied to the cointegrated panel data. For this reason, we estimate the long-run models using the FMOLS (fully modified OLS) methods.
Following Pedroni (2001) , the FMOLS technique generates consistent estimates in small samples and does not suffer from large size distortions in the presence of endogeneity and heterogeneous dynamics. The panel FMOLS estimator for the coefficient β is defined as: 
and ˆi L is a lower triangular decomposition of ˆi  . The associated t-statistic gives:
3.5Panel causality test
Following the work of Engle and Granger, (1987), we specify the VECM panel model to examine the Granger causality relationship between trade openness and CO 2 emissions. After estimating Equation (24) and identifying the long-run relationships, we estimate the panel VECM model of the form: Note: * and ** show significance at the 1% and 5% levels of significance, respectively. Note: *, ** and *** show significance at the 1%, 5% and 10% levels of significance, respectively.
The country-wise impacts of trade openness and economic growth on CO 2 emissions are reported in Table 9 (high income countries). Trade openness increases CO 2 emissions significantly in Cyprus (at 1%), Korea Rep. (at 5%), Kuwait (at 1%), Malta (at 1%), Netherlands (at 1%), New Zealand (at 1%), Norway (at 5%), Oman (at 1%), Trinidad and Tobago (at 1%) and United States (at 1%). Trade openness reduces CO 2 emissions significantly in Denmark (at 10%), Hong Kong SAR, China (at1%), Hungary (at 5%), Iceland (at 1%), Israel (at 1%), Japan (at 1%), Spain (at 5%), Switzerland (at 5%) and United States (at 1%). Similarly, economic growth increases CO 2 emissions significantly in Barbados (at 1%), Hong Kong SAR, China(at1%), Iceland (at 5%), Israel (at 1%), Italy (at 5%), Japan (at 1%), Kuwait (at 1%), Oman (at 1%), Portugal (at 1%), Spain (at1%), United Arab Emirates (at 10%), United States (at 5%) and Chili (at1%). However, it decreases CO 2 emissions significantly in Brunei Darussalam (at 1%), France (at 1%), Hungary (at 1%), Korea Republic (at 5%), Malta (at 1%), Netherlands (at 5%), Sweden (at 1%) and United Kingdom (at 1%).
In the middle income countries (Table 9) , we find that trade openness impacts positively and significantly the CO 2 emissions in Angola (at 1%), Brazil (at 1%), China (at 1%), Venezuela RB (at 1%), Cuba (at 1%), Ecuador (at 5%), Egypt (at 5%), Guyana (at 1%), Honduras (at 1%),Indonesia (at 1%), Malaysia (at 5%), Morocco (at 1%), Nicaragua (at 1%), Nigeria (at 5%), Panama (at 1%), Sri Lanka (at 5%)and Vietnam (at1%). The effect of economic growth on CO 2 emissions is found positive and significant in Bolivia (at 5%), Botswana (at 1%), Cameroon (at 10%), Bulgaria (at 1%), Congo Republic (at 5%), Albania (at 1%), Costa Rica (at 1%), Côte d'Ivoire (at 1%), Dominican Republic (at 1%), Egypt (at 1%), Fiji (at 1%), Gabon (at 1%), Guyana(at 1%), India (at 1%), Indonesia (at 1%), Iran (at 1%), Nigeria (at 5%), Pakistan (at 1%), Paraguay (at 5%), Peru (at 1%), South Africa (at 1%), Sudan (at 1%), Syria (at 1%), Thailand (at 1%), Tunisia (at 1%), Turkey (at 1%) and Zambia (at 1%).
In the low income countries (Table 10) , trade openness increases CO 2 emissions in Bangladesh (at 1%), Benin (at 10%), Burkina Faso (at 1%), Congo Republic (at 1%), Ethiopia (at 1%), Kenya (at 1%) and Mozambique (at 5%). Trade openness improves environmental quality through lowering CO 2 emissions in Mali (at 1%), Rwanda (at 1%) and Zimbabwe (at1%).
Furthermore, we have investigated the impact of trade openness and economic growth on CO 2 emissions using the global, high income, middle income and low income countries. The results reported in Table 11show that trade openness and economic growth reduce the environmental quality through increasing CO 2 emissions in all panels. Table 12 ). The inverted U-shaped relationship between trade openness and carbon emissions is supported for all the four panels. However, the panel turning points of trade at which the emissions start to decline are found within the sample size for the global, high, middle and low income panels. The causal relationship between trade openness and CO 2 emissions is investigated by applying the panel VECM Granger causality test and the results are reported in Table13. In the global panel, a feedback effect is found between trade openness and CO 2 emissions, which implies that the relationship between trade openness and CO 2 emissions is bidirectional in the long-run. The bidirectional causal association is noted between economic growth and carbon emissions in the long-run, but in the short-run economic growth is caused by CO 2 emissions. Furthermore, trade openness and economic growth Granger cause CO 2 emissions in the long-run, but in the short run trade openness Granger causes CO 2 emissions in the high income countries. In the middle income countries, the relationship between trade openness and CO 2 emissions is bidirectional in the long run, which means that the feedback effect exists between economic growth and CO 2 emissions in the long run for this group. Trade openness and economic growth Granger cause CO 2 emissions in the long run for the low income countries. The joint causality analysis confirms the long run and the short run causality findings. 
Concluding remarks and policy implications
This study investigates and tests the relationship between trade openness and environmental pollutants (CO 2 emissions) while incorporating economic growth, by using a panel dataset for 
